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Summary: Initially unpolarized solar radiation is polarized in the atmosphere due to 
scattering processes at molecules and aerosols. Therefore, the measurement of the 
polarization state of solar radiation is of vital importance in remote sensing. A SALSA 
Full Stokes polarization camera measuring the complete Stokes vectors in real time is 
characterized within this work. The main focus lies on the radiometric calibration as 
well as the determination and validation of the calibration matrix based on a Data 
Reduction method. One main issue is the temporal instability of the calibration matrix, 
which gives rise to the need of a thorough calibration process. In accordance with 
theoretical expectations and model simulations, the SALSA Full Stokes polarization 
camera provides reliable measurement results under the condition of Rayleigh 
scattering. 
 
Zusammenfassung: Die beim Eintritt in die Atmosphäre unpolarisierte solare 
Strahlung wird durch Streuprozesse an Molekülen oder Aerosolpartikeln polarisiert. Die 
Messung des Polarisationszustandes der solaren Strahlung spielt deshalb in der 
Fernerkundung eine wichtige Rolle. Die vorliegende Arbeit charakterisiert eine SALSA 
Full Stokes Polarisationskamera, die den kompletten Stokes-Vektor in Echtzeit misst. 
Das Hauptaugenmerk liegt dabei auf der radiometrischen Kalibrierung sowie der 
Bestimmung und Validierung der Kalibrationsmatrix über die Methode der 
Datenreduktion. Die zeitliche Instabilität der Kalibrationsmatrix stellt ein großes 
Problem dar und stellt Anforderungen an den Umfang der Kalibrierung. Mit der SALSA 
Full Stokes Polarisationskamera sind zuverlässige Messungen unter einer 
rayleighstreuenden Atmosphäre möglich, die in Übereinstimmung mit den theoretischen 
Erwartungen und Modellsimulationen stehen. 
 
1. Motivation 

The radiative effect of aerosols on the climate is a major element of uncertainty in 
investigations of the Earth’s climate change (IPCC, 2013). Therefore, the precise 
characterization of aerosol properties as well as the spatial extent and temporal 
variability of aerosol concentrations is of upmost importance. Due to its interaction with 
aerosols, the polarization state of solar radiation changes. Consequently, measurements 
of the polarization state have the ability to provide a deeper insight into aerosol 
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characteristics. Aerosol optical properties and their effects on climate have been 
investigated by either active instruments in terms of a lidar (Bösenberg and Matthias, 
2003) or passive instruments in terms of sun photometers. Sun photometers measure the 
radiance not only in sun direction but are applied to mechanically scan the entire sky 
(Holben et al. 1998, Dubovik and King 2000, Bayat et al. 2013). This scanning technique 
is very time-consuming and requires clear-sky conditions for reliable measurements. 
Nevertheless, it is a suitable technique to measure aerosol properties. Imaging 
polarization measurements cover a wide range of observed scattering angles and are 
applied for atmospheric observations on satellites (Goloub et al., 2000) as well as with 
ground-based all-sky cameras (Kreuter and Blumthaler, 2013). The principle behind 
polarized all-sky imaging is based on the usage of different polarization filters that are 
mechanically placed into the optical path in order to measure the Stokes vector. Such 
imaging techniques using filters are too slow for ground-based observations during 
conditions with fast-moving clouds. 
Since 2012, the Institute for Meteorology at Leipzig University owns a SALSA Full 
Stokes polarization camera made by Bossa Nova Technologies. The major advantage of 
this camera is the imaging technique. Due to the implemented measurement principle 
involving two ferroelectric liquid crystals (FLCs) and one fixed polarizer, the complete 
Stokes vector of the incident radiation can be measured in real time. Compared to a 
previous version introduced by Lefaudeux et al. (2008), the SALSA camera used here 
additionally measures circularly polarized components of radiation. In the following, 
the characterization and calibration of the polarization camera is presented. 
 
2. Polarimetry Using the Full Stokes Polarization Camera 

The SALSA polarization camera from Bossa Nova Technologies (Serial number: UOL-
612-SAL-1, dimensions: 80 mm × 80 mm × 100 mm) is a passive polarimeter as it 
measures the radiation of an external source. It is a division-of-time polarimeter. 

 

Fig. 1: Schematic set-up of the SALSA Full Stokes polarization camera 

To measure the Stokes vector 𝑆𝑆, 4 consecutive measurements are needed. Within the 
compact camera (see Fig. 1), the incident radiation initially passes through a color filter 
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before entering the objective (type: NMV-5M23 by Navitar, focal length: 5 mm, manual 
focus, iris aperture). The polarization state analyzer (PSA) consists of two FLCs and a 
fixed linear polarizer (transmission axis relative to horizontal: 110°). The liquid crystals 
each act as a programmable phase shifter, the first with a retardation close to 𝜆𝜆/2, the 
second with a retardation close to 𝜆𝜆/4. The angle of the optical axes of the FLCs with 
respect to the horizontal can be switched between 0 and 45 degrees. After passing the 
PSA, the radiation eventually reaches the CCD sensor (type: Basler avA1900-50gm, 
1920 × 1080 pixel). During the entire work, the green color filter is used due to its 
higher transmission (type: HOYA G(X1) 52 mm). The intensity of the radiation 𝐼𝐼 
impinging on the CCD sensor can be described using the Stokes formalism as 

 

(1) 

where 𝜃𝜃1 and 𝜃𝜃2 are the angles of the FLCs with respect to the x axis. 𝛼𝛼 is the angle 
between the transmission axis of the linear polarizer and the x axis. The 4 components 
of the incident Stokes vector are denoted by 𝑆𝑆𝑖𝑖. The PSA runs through 4 different 
configurations for each measurement. With the known angles of the axes of the FLCs, 
Eq. (1) simplifies to: 

 

(2a) 
 

(2b) 
 

(2c) 
 

(2d) 
 

In solving this set of linear equations, the 4 unknown Stokes parameters of the incident 
radiation are derived: 

 

 

(3a) 
 

(3b) 
 

(3c) 
 

(3d) 

The Stokes components depend only on the 4 measured intensities. Therefore, with 4 
images taken at each measurement it is possible to determine the full Stokes vector of 
the incident radiation. 
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3. General Camera Characteristics 

3.1 Linearity 
One great advantage of CCDs is the very linear response to the incident light intensity. 
In order to characterize the linearity, the radiation of an integrating sphere with variable 
aperture was measured. The measured intensity (corresponding to the first Stokes 
parameter 𝑆𝑆0) showed a linear behaviour with respect to both the intensity of the incident 
radiation and the exposure time (linear correlation coefficients greater than 0.99).  
 
3.2 Dark Current 
At temperatures above absolute zero, the thermal movement of charge carriers is 
sufficient to excite electrons to the conduction band. Independent from any incident 
radiation, a certain statistically distributed dark current is measured by the CCD. The 
SALSA polarization camera is not cooled actively to reduce dark current. At each 
measurement, the dark current is subtracted immediately by means of offset maps. They 
consist of the dark signal measured at different gain factors at the laboratories of Bossa 
Nova Technologies. Several dark measurements proved the validity of this dark-frame 
subtraction. The CCD itself is divided into 4 separate taps. The images are therefore 
grabbed separately through 4 different electronic channels which allows fast image 
acquisition. Each tap has a different black level. Dark measurements lead to the 
registration of 6 digital counts for three of the 4 taps and one digital count for the fourth. 
This dark current is negligible compared to the maximum of 4095 counts and justifies 
the usage of offset maps. Furthermore, the measured dark current is independent of 
exposure time, gain factor and temperature (tested at −3 °𝐶𝐶 and at room temperature). 
Nevertheless, a similar test needs to be done for considerable higher temperatures in the 
future, as the exponential increase of thermally excited electrons in the conduction band 
might invalidate the offset maps. 
 
3.3 Read-out Noise 
Fast image acquisition can lead to a loss of electrons or an erroneous assignment of the 
electrons to the false pixel. Conversely, a slow read-out process poses problems due to 
the non-ideal insulation between different pixels. Read-out noise is independent of 
exposure time and measured signal. For the SALSA camera a read-out noise close to 8 
digital counts was quantified. 
 
3.4 Field of View 
One main characteristic of each camera is its field of view. For achieving a sharp image 
on the CCD, the following trigonometric relation is valid in the internal coordinate 
system of the camera (CVZA: camera viewing zenith angle): 

 

 

(4) 

Therein, the focal length of the camera is 5 mm, 𝑑𝑑 denotes the distance of the image 
point to the center of the sensor. For the dimensions of the CCD in the SALSA camera 
(width: 10.56 mm, height: 5.94 mm), the field of view of the camera is                
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93.12° ×  61.42° ×  100.93° (values corresponding to the horizontal, vertical and 
diagonal dimension). The maximum angular resolution is 0.046° per pixel. 
 
4. Calibration of the Camera 

If the polarization elements of the PSA were ideal, the Stokes parameters could be 
directly derived from the 4 frames at each measurement (compare Eq. (3a) to Eq. (3d)). 
However, due to depolarization, dispersion and manufacturing defects at the FLCs as 
well as the linear polarizer and polarization effects at the objective lens, the single 
elements do not affect incoming radiation in an ideal way. It is therefore of vital 
importance to determine the calibration matrix, which transfers the data of the 4 frames 
into the Stokes vector. The first part of this chapter deals with the implemented 
calibration. Furthermore, polarimetric measurements require a thorough radiometric 
calibration. Therefore, the second part of this chapter describes the correction of the 
photoresponse non-uniformity of each pixel of the sensor and the absolute calibration 
transferring the dimensionless signal by means of a calibration factor into the physical 
unit of a spectral radiance 𝐼𝐼 (Wm-2sr-1nm-1). 
 
4.1 Determination of the Calibration Matrix 
The key factor for a correct measurement is the connection of the intensities of the 4 
frames from the different configurations of the PSA with the incident, unknown Stokes 
vector: 

 

(5) 

Matrix 𝐶𝐶 is the real PSA matrix. Its inverse, 𝐶𝐶−1, is the calibration matrix. The 
calibration matrix is determined by means of the Data Reduction Method (DRM). Each 
state 𝑖𝑖 of the PSA is characterized by an own Mueller matrix: 

 

 
 

(6) 

As the camera sensor is insensitive to polarization, just the first row of the Mueller 
matrix is relevant, reducing Eq. (6) to: 

 

 

(7) 

The aim of the calibration process is to determine the elements of the first row of the 
Mueller matrix for each of the 4 configurations of the PSA. For each configuration, the 
following system of equations in matrix form is given: 
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(8) 

where ��𝑆𝑆𝑖𝑖𝑖𝑖�
𝑇𝑇
� is a 𝑁𝑁 ×  4-matrix consisting of 4 generated Stokes parameters for each 

of the N measurements during the calibration process. The first row of the Mueller 
matrix is calculated for each state 𝑖𝑖 of the PSA via:  

 

 
 
 

(9) 

where ��𝑆𝑆𝑖𝑖𝑖𝑖�
𝑇𝑇
�
+

 denotes the Moore-Penrose pseudoinverse of ��𝑆𝑆𝑖𝑖𝑖𝑖�
𝑇𝑇
�. The PSA 

matrix 𝐶𝐶 consists of the first rows for each state of the PSA: 

 

 
 

(10) 

Finally, the PSA matrix 𝐶𝐶 is regularly inverted. This way, the calibration matrix 𝐶𝐶−1 (or 
Data Reduction Matrix) transfers the 4 measured intensities of the 4 frames into the 
unknown Stokes vector 𝑆𝑆𝑖𝑖𝑖𝑖: 

 

 
 

(11) 

As the retardance of the individual FLCs is wavelength dependent, each color filter of 
the camera has its own calibration matrix. Within this work, the green wavelength 
channel is analyzed. 
Figure 2 shows the schematic of the calibration process. An integrating sphere generates 
unpolarized radiation which is incident on the Polarization State Generator (PSG) 
consisting of a linear polarizer and a Fresnel rhomb. Both the polarizer and the Fresnel 
rhomb are rotatable around the propagation direction of the radiation. Within the 
calibration process, 1729 different polarization states were generated with the PSG and 
measured by the camera (lens, filter, PSA and CCD). The Fresnel rhomb was rotated 
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from 0° to 90° (increments of 5°). For each position of the Fresnel rhomb, the linear 
polarizer was rotated from 0° to 180° (increments of 2°). 

 

Fig. 2: Schematic of the calibration set-up (Vedel et al., 2011, modified figure 1) 

The best way to visualize the generated polarization states is to use the Poincaré sphere. 
In a Cartesian coordinate system, the normed Stokes parameters 𝑆𝑆1, 𝑆𝑆2 and 𝑆𝑆3 
correspond to the x, y and z axis. For completely polarized radiation, all generated 
polarization states lie on the surface of a sphere with radius 1, called Poincaré sphere 
(see Fig. 3). All generated polarization states lie along the black paths. The dashed path 
visualizes the number of states on one path (one line connects two states). As illustrated 
in Fig. 3, the polarization states used for the calibration cover most parts of the Poincaré 
sphere. However, Fig. 3 also shows the view on the pole region (right part), where a 
huge concentration of generated polarization states is obvious. In this region, all 
polarization states are very similar to each other and provide just very little new 
information about the calibration matrix. A better coverage of the Poincaré sphere 
during the calibration process would allow more accurate measurements of random 
polarization states and should thereby be optimized during future calibrations. The 
calibration analyzed here still has a sufficient number of different polarization states in 
the equatorial region. 

 

Fig. 3: Generated polarization states on Poincaré sphere (Jonsson, 2014), 
left: view on equator, right: view on pole 
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The DRM leads for 1729 generated polarization states to the calibration matrix shown 
in Eq. (12). For comparison, Eq. (13) shows the calibration matrix as determined in the 
laboratories of the manufacturer (Bossa Nova Technologies, 2012). The signs of the 
matrix elements in the second and third row were changed with respect to the calibration 
report due to a different definition of the coordinate systems. 

 

 

 
(12) 
 
 
 
 
(13) 

The corresponding matrix elements of the two calibration matrices show significant 
deviations between 6.2 % and 33 %. This illustrates that the camera calibration has to 
be repeated regularly. 
 
4.2 Radiometric Calibration 
Each pixel of the CCD has its specific sensitivity due to fabrication tolerances, 
contamination with dust particles or optical effects at the edge of the objective lens. This 
photoresponse non-uniformity needs to be corrected via a radiometric calibration.  

 

Fig. 4: Pixel-dependent illustration of the calibration factor 𝑘𝑘𝜆𝜆 

Therefore, the measured, uniform radiance of an integrating sphere 𝐼𝐼𝜆𝜆 is put in relation 
to the Stokes parameter 𝑆𝑆0 determined for each pixel (x, y) by means of the calibration 
matrix (see Eq. (12)): 

Wiss. Mitteil. Inst. f. Meteorol. Univ. Leipzig Band 53(2015)

66



 

 

(14) 

The calibration factor 𝑘𝑘𝜆𝜆(𝑥𝑥, 𝑦𝑦) corrects the different pixel sensitivities and transforms 
the dimensionless signal into the physical unit of a spectral radiance (Wm-2sr-1nm-1). 
Figure 4 shows the calibration factor for an exposure time of 10 ms and gain factor 
0 dB. Regions of higher sensitivity are found close to the center of the image with 
considerably smaller values of 𝑘𝑘𝜆𝜆. This vignetting effect is typical for digital cameras 
and is corrected by applying the calibration factors 𝑘𝑘𝜆𝜆. 
 
5. Validation of Calibration Results 

The distinct deviations of the calibration matrix elements from the manufacturer’s 
calibration rises the need for a thorough analysis. At first, the Stokes parameters 
calculated by means of the calibration matrix are compared to the theoretical 
expectations. Secondly, temporal stability and warm-up time of the camera are 
investigated. The intensity of incident radiation was found to have no significant effect 
on the measured degree of linear polarization (DOLP). 
 
5.1 Quality of the Calibration Matrix 
Throughout the process of calibration, the theoretical Stokes vectors of the generated 
polarization states were already determined and can be used for the analysis. Figure 5 
shows the deviations between measured and theoretical Stokes parameters 𝑆𝑆1 for all 
1729 generated polarization states. 

 

 
 

(15) 

 
Fig. 5: Quality of the calibration matrix: standard deviation for 𝑆𝑆1 

 

Within Fig. 5, a pronounced periodicity of the deviations is obvious. This is due to a 
certain periodicity in the generated polarization states as for one position of the Fresnel 
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rhomb the polarizer passes through all possible positions. As the calibration matrix is 
the result of an error reduction, some measurements are closer to the theoretical 
expectations than others. The remaining Stokes parameters as well as the degree of 
polarization (DOP), DOLP and degree of circular polarization (DOCP) show similar 
behaviours (not shown here). Standard deviations can be used as a quantitative measure 
of the quality of the calibration matrix. Table 1 lists the standard deviations for all Stokes 
parameters and the different degrees of polarization when using both our calibration 
matrix and the manufacturer’s calibration matrix. Additionally, the standard deviations 
as listed in the calibration report by Bossa Nova Technologies are given for comparison. 
Our own calibration matrix leads to maximum deviations of 5.5 % (𝑆𝑆2). The DOLP can 
be determined with deviations of ±4.5 %. The measurement uncertainties are 
approximately 5-times higher than the specifications stated in the calibration report. The 
manufacturer’s calibration matrix is based upon approximately 2000 different 
polarization states (15 % more than used in our calibration). Naturally, the number of 
generated polarization states used during the calibration has an influence on the 
measurement uncertainties. If just parts of the 1729 generated polarization states are 
used in order to determine the calibration matrix, different matrix elements are derived 
with different standard deviations (see Fig. 6). The higher the number of used 
polarization states, the more precise are subsequent measurements. Lower numbers of 
polarization states correspond to a worse coverage of the Poincaré sphere and lead to 
strongly increased uncertainties. The aim of future calibrations should therefore be to 
produce both a high number and preferably a sufficient variety of different polarization 
states in order to measure random polarization states with high precision. 

Table 1: Standard deviations when using our own calibration matrix and the Bossa 
Nova Technologies matrix (in brackets: values from calibration report). 

Standard deviation 
LIM 

calibration matrix 
Bossa Nova Technologies 

calibration matrix 
𝜎𝜎(𝑆𝑆0) 5.3881 ∙ 10−17 5.1720 ∙ 10−17 
𝜎𝜎(𝑆𝑆1) 0.0415 0.0942 (0.01153) 

𝜎𝜎(𝑆𝑆2) 0.0547 0.0692 (0.00950) 

𝜎𝜎(𝑆𝑆3) 0.0231 0.0416 (0.00630) 

𝜎𝜎(𝐷𝐷𝐷𝐷𝐷𝐷) 0.0216 0.0694 

𝜎𝜎(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷) 0.0451 0.0749 (0.00923) 

𝜎𝜎(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷) 0.0231 0.0416 
 
When the Bossa Nova Technologies calibration matrix is applied to the polarization 
states generated in the laboratory, Stokes parameters 𝑆𝑆1 and 𝑆𝑆2 can only be measured 
with deviations of up to ±9.4 % and ±6.9 %, respectively (see Tab. 1). Thus, the 
uncertainties are one order of magnitude higher than stated in the calibration report, 
indicating a temporal instability of the calibration matrix. If the calibration matrix is 
applied to measurements which were taken three months earlier (144 different 
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polarization states), the measured Stokes parameters are not reliable any longer 
(standard deviations of up to 14 %). It cannot be ruled out that the calibration of the 
camera changes over time due to external influences. 

 
Fig. 6: Dependence of the number of used polarization states during 

calibration process on measurement uncertainties  

 

5.2 Warm-up Time of the Camera 
Polarized radiation (𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 = 1.0) was generated by an integrating sphere and a linear 
polarizer (13 different positions) and measured with the camera at different times after 
starting the camera in order to investigate the temporal behaviour of the camera. The 
DOLP was measured at 13 different time steps (from 5 minutes to 4 hours after turning 
on the camera, see Fig. 7).  

 
Fig. 7: Temporal evolution of DOLP measurements after camera power-on  

 

Directly after turning on the camera, the DOLP varies between 0.94 and 1.15. Deviations 
of that magnitude are not acceptable for atmospheric applications of the camera. 
Typically, aerosol polarimetric effects are in the same order of magnitude and thus are 
not observable by the camera early after switching it on. However, the deviations 
become smaller while the camera is running. 45 minutes after power-on, the DOLP 
varies between 0.97 and 1.09 if the polarizer is rotated along its axis. The most precise 
measurements were taken after 4 hours. It should be noted that improvements became 
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slower with increasing runtime of the camera. Nevertheless, the camera needs a certain 
time after power-on in order to reach a permanent regime and measure in a reliable way. 
A time of 45 minutes is proposed in consideration of acceptable measurement 
uncertainties below 5 %. 
  
6. Field Measurement 

The sun is known to emit unpolarized radiation. Within the atmosphere, the polarization 
state of solar radiation changes due to numerous scattering processes. Figure 8 shows 
radiative transfer simulations with the MYSTIC model by Emde et al. (2010) for a 
molecular atmosphere. The simulated intensity shows a minimum at a viewing direction 
of 90° with respect to the sun. This is due to the minimum of the phase function at 
scattering angles of 90°. At this viewing angle, the DOP shows a pronounced maximum 
of approximately 65 %. On the other hand, radiation is completely unpolarized when 
looking into the direct sun. In order to test the camera for atmospheric applications, we 
performed a field measurement on 18th June 2013. The day featured a cloudless sky and 
therefore Rayleigh scattering conditions. Only at the end of the measurement, some 
altocumulus and cirrus fibratus affected the observations. 

 
Fig. 8: Simulated intensity 𝐼𝐼 and simulated degree of polarization 𝑃𝑃 for 

molecular atmosphere (Rayleigh scattering), zenith angle: 30°, azimuth angle: 
0°, wavelength: 350 𝑛𝑛𝑛𝑛, surface albedo: 0 (Emde et al., 2010)  

 

The measurements were taken on the roof of the Leipzig Institute for Meteorology. The 
SALSA camera was mounted on a tripod and the green color filter was used. In order to 
cover large parts of the sky, 6 images were taken during 20 minutes starting at 2:45 p.m. 
(UTC). During that time, the solar zenith angle increased from 49.5° to 51.6°, the solar 
azimuth angle changed from 256.7° to 259.7°.  
Throughout the analysis, we consecutively applied the dark current correction, the 
calibration matrix and the radiometric calibration to the measured signal. With help of 
Eq. (4) and the roll, pitch and yaw angles of the camera, each pixel of the images was 
related to a certain viewing angle. Afterwards, the Cartesian coordinates were 
transformed into polar coordinates similar to Ehrlich et al. (2012), who corrected 
airborne downward looking camera measurements for aircraft alignments. The 
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coordinate system was rotated in order to have the sun on the left side (solar azimuth 
angle: 270°). At pixels with more than one value from different measurements, the 
arithmetic mean was calculated. Figure 9 shows the polar coordinate system (all 6 
images combined) and visualizes the DOLP depending on the viewing angle of the 
camera. The ring of high DOP values is clearly visible. The maximum DOP is 52.5 % 
which is smaller than the 65 % simulated by Emde et al. (2010). This can be attributed 
to the very idealized simulation conditions: the atmosphere was not ideally molecular 
due to an Aerosol Optical Depth of 0.38 at the measurement station IFT-Leipzig 
(AERONET, 2013) and the beginning evolution of clouds. Furthermore, the simulation 
was computed for a single wavelength at 350 𝑛𝑛𝑛𝑛, whereas the camera integrated over 
the wavelength range of the green color filter. Also, the surface albedo in reality is not 
zero which increases the influence of multiple scattering and decreases the DOP. A 
quantitative comparison is therefore not feasible. Nevertheless, a qualitative agreement 
between the measurements of the SALSA camera and the simulations by Emde et al. 
(2010) is clearly visible. 

 
Fig. 9: Measured DOLP on 18th June 2013 in Leipzig, 

solar zenith angle: 50°, solar azimuth angle: 270° 

 

 
7. Summary and Outlook 

The SALSA polarization camera, a robust camera with fast image acquisition due to the 
use of two FLCs and a CCD with 4 separate electronic channels, was introduced and 
characterized by laboratory and field measurements. The SALSA polarization camera 
is suitable for field measurements. The qualitative agreement between the field 
measurement and the model simulations by Emde et al. (2010) indicates that the camera 
can be applied for atmospheric observations. The valid dark current correction, small 
read-out noise, linearity of the CCD and the independence of the intensity of incident 
radiation favour a high measurement accuracy. Within this work, the necessity of a 
thorough radiometric and polarimetric calibration became evident. One major problem 
is the apparent temporal instability of the calibration matrix. Already three months after 
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the last calibration, a measurement of the four Stokes parameters showed standard 
deviations of up to 14 %. Future calibrations should concentrate both on a high number 
and on a great variety of the generated polarization states. Furthermore, the warm-up 
time of the camera of about 45 minutes needs to be considered. 
The findings of this work revealed sensible parts of the calibration process and allow 
the operation of the SALSA polarization camera in future field measurements. Future 
research subjects may include the derivation of aerosol properties under cloudless 
conditions as well as cloud detection and the retrieval of cloud properties such as 
effective radii.  
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